Abstract
INTRODUCTION
Endoscopic papillectomy (EP) for benign ampullary neoplasms could be a lessinvasive alternative to pancreatoduodenectomy (PD) because PD might be an excessively invasive treatment for benign neoplasms [1, 2] . The current standard treatment for ampullary tumor is PD, which is still associated with a high morbidity rate despite a recent reduction in the mortality rate to less than 5% [3, 4] . On the other hand, the mortality after EP has been reported by high volume centers to be 0.4%. The overall complication rate of EP was reported between 8% and 35%, and the most common complications are pancreatitis (5%15%) and bleeding (2%16%). Most episodes of bleeding can be controlled by endoscopic hemostasis, and most episodes of pancreatitis are mild and resolved with conservative treatment [5] . Surgical ampullectomy (SA) is another alternative to PD. Ceppa et al [6] showed that EP was found to have equivalent efficacy when compared with SA. Moreover, EP had lower morbidity and identical mortality.
There are some problems and limitations with EP. The preoperative detection of tumor extension into a bile duct or the pancreatic duct is sometimes technically difficult, although the diagnostic ability of imaging studies, such as endoscopic ultrasonography (EUS), has recently markedly improved [7, 8] . In addition, the pathological evaluation of the margins of resected ampullary tumor specimens is often difficult because of the burning effect of EP [9] . Therefore, we sometimes experience resected margin positive or uncertain cases and the management of those cases might be important clinical issue on preforming this endoscopic treatment.
Recently, some studies have indicated that EP might be a useful treatment for early stage ampullary carcinoma with T1, in which the tumor is limited to the sphincter of Oddi [10] . In cases involving T2, in which the tumor has invaded the duodenal wall, additional surgery is recommended because the frequency of lymph node metastasis was reported to range from 24%-45% in such cases [11] [12] [13] [14] . Furthermore, Yamamoto et al [15] reported that there was no lymphovascular invasion or lymph node metastasis in any T1a cases, whereas one of four T1b cases exhibited lymphovascular invasion. Therefore, in cases of early stage ampullary carcinoma, distinguishing between T1a and T1b during preoperative diagnostic examinations might be extremely important for ensuring that the indications for EP are appropriate. However, unfortunately, there are no diagnostic tools for clearly detecting tumor invasion into the sphincter of Oddi. The identification of the sphincter of Oddi using EUS or intraductal ultrasound (IDUS) is still technically difficult in many cases. For these reasons, EP for early stage ampullary carcinoma is still challenging, and its indications might be restrictive.
Moreover, the post-EP resection margins of ampullary tumors are often positive or uncertain because of the burning effect of EP. The clinical outcomes of resected margin positive or uncertain cases after EP remains unknown. Decisions regarding the treatment course in such cases might differ among institutions and/or depend on each patient's condition. Therefore, in this study we investigated the clinical outcomes of ampullary neoplasms encountered at our hospital, including ampullary carcinomas that were diagnosed based on pathological evaluations of resected specimens, that exhibited positive or uncertain margins after EP.
MATERIALS AND METHODS

Patients
All patients with ampullary tumors who underwent EP at Kobe University Hospital between January 2007 and October 2018 were included in this study. Tumor staging and intraductal involvement were evaluated using computed tomography (CT) and EUS for all patients. IDUS was attempted for cases that were difficult to diagnose intraductal extension by EUS, because of the risk of pancreatitis. The main indication for EP was adenoma, as determined by a preoperative biopsy examination, without bile/pancreatic duct extension, according to EUS and/or IDUS (Figure 1 ). In the cases with evidence of ampullary carcinoma by the preoperative biopsy, PD was recommended. In some cases, such as those involving super-elderly patients or patients in a poor general condition, EP was performed when T2 invasion was not detected by preoperative imaging studies. Preoperative biopsy diagnosed as adenocarcinoma was only 4 patients in this study. In these cases, they were unfit for surgery because 1 patient was super-elderly (85 years old), and 3 patients were poor general condition with severe comorbidity. The clinical outcomes of each EP cases were retrospectively investigated. The study protocol was reviewed and approved by the ethical committee at Kobe University School of Medicine before the study (No. 170057). This study was conducted in accordance with the Declaration of Helsinki and the consolidated Good Clinical Practice guidelines. All authors had access to the study data, and they all reviewed and approved the final manuscript.
EP procedure and evaluation of resected specimens
EP was carried out with a standard polypectomy snare using a blended electrosurgical current. Even though it became piecemeal resection because of its size, the tumor was completely resected endoscopically in all cases. We tried to insert both bile duct and pancreatic duct stents after the EP procedure. Post-EP bleeding was defined as hematemesis and/or melena or a > 2 g/dL decrease in hemoglobin level (bleeding requiring hemostasis). Immediate bleeding was not defined as post-EP bleeding. Post-EP pancreatitis was defined as an increase in serum amylase/lipase to > 3 times the upper limit of normal, along with typical pancreatic-type pain. Experienced pathologists examined the resected specimens. The final depth of cancer invasion was recorded according to the Classification of Biliary Tract Carcinoma developed by the Japanese Society of Hepato-Biliary-Pancreatic Surgery as follows [16] : carcinoma in situ, tumors limited to the mucosa, tumors limited to the sphincter of Oddi, and tumors that had invaded the duodenal wall were defined as Tis, T1a, T1b, and T2, respectively (Table 1) . Horizontal margins (HM) and vertical margins (VM) were assessed as follows: positive ( Figure 2A ): involvement of the margin; uncertain ( Figure 2B ): involvement of the margin cannot be assessed; negative: margins were tumor-free. After examining the resected specimens, additional PD was recommended in the cases of adenocarcinoma. However, in the cases in which additional PD could not be performed based on the patient's wishes or condition, we chose to perform palliative endoscopic treatment or medical follow-up. In all cases of adenoma, medical follow-up was recommended, even though the resected tumor exhibited a positive or uncertain margin after EP.
Follow-up strategy after EP
The first follow-up session was scheduled for 3 mo after EP. Then, follow-up examinations were scheduled every 3 mo to 6 mo for 1 year, and yearly thereafter for 5 years. The follow-up examinations included blood tests (for transaminase, pancreatic enzyme, and tumor markers), duodenoscopy with biopsies, and contrastenhanced CT scans. When a polypoid lesion that was suspected to be a recurrent tumor was detected on follow-up duodenoscopy, an endoscopic biopsy was performed. Additional management strategies, such as argon plasma coagulation (APC) or PD, were considered when the biopsy demonstrated a tumorous lesion. PD was recommended for all cases of recurrent cancer. However, patients who refused or were unfit for PD were considered for APC. APC was recommended for adenomas ( Figure 3 ).
RESULTS
Baseline characteristics of this study
The characteristics of the patients are shown in Table 2 . Of the 45 patients, 29 were male, and 16 were female. The mean age of the patients was 65.0 years old (65.0 ± 11.5). Six patients were over 80 years old (13.3%). Forty-one tumors (91.1%) were treated with en bloc resection, and 4 (8.9%) tumors were treated with piecemeal resection. Prophylactic both pancreatic and biliary stent was placed in 33 (73.3%) patients, only pancreatic stent was placed in 7 (15.6%) patients, and only biliary stent was placed in 4 (8.9%) patients, there was no stent placement in 1 (2.2%) case. Complications occurred in 42.2% of all patients. Hemorrhage occurred in 9 patients (20.0%), and pancreatitis occurred in 13 patients (28.9%). One of 9 post-EP hemorrhage cases was severe bleeding that needed transcatheter arterial embolization Table 3 ). The resected margins were positive in 12 cases, uncertain in 12 cases, and negative in 21 cases. The HM were positive in 9 cases and uncertain in 10 cases. The VM were positive in 5 cases and uncertain in 9 cases. The median duration of the follow-up period was 27.1 mo (range: 3.0-133.4).
Clinical outcomes of resected margin positive or uncertain cases
Clinical outcomes of resected margin positive or uncertain cases are shown in Figure  4 . The frequency of positive or uncertain margins after EP was 53.3% (24/45). Among these cases, 15 and 9 were diagnosed as adenoma and adenocarcinoma, respectively. In all cases of adenoma and 5 cases of adenocarcinoma, follow-up observation was selected. In 4 cases of adenocarcinoma, additional PD was performed. No residual tumors were found after additional PD in 3 cases, whereas residual carcinoma was detected after additional PD in the remaining case. In the latter case, the depth of the resected specimen after EP was suspected to be T1b, and the final pathological stage after PD was T1b without lymph node metastasis. In the follow-up period, local tumor recurrence was observed in 3 cases. In 2 of these cases, primary adenomas were diagnosed based on EP. After the EP, recurrent adenomas were diagnosed based on biopsy examinations. In the remaining case, a primary adenocarcinoma was diagnosed based on EP, and the recurrent tumor was also an adenocarcinoma. All of the recurrent tumors were successfully treated with APC. No local or lymph node recurrence was detected during the subsequent follow-up period (duration: 57.1 mo to 133.8 mo). No ampullary tumor-related deaths occurred in all patients.
Clinical outcomes of resected margin negative cases
The clinical outcomes of the resected margin-negative cases are shown in Figure 5 . Among the cases that exhibited negative margins after EP, 18 cases were diagnosed as adenoma, 2 were diagnosed as Tis, and 1 was diagnosed as T1a. Follow-up observation was selected in all patients. In 1 of the cases of adenoma, local recurrence was detected. The recurrent tumor was also an adenoma and was detected during a biopsy examination. The recurrent tumor was treated with APC, and no local recurrence was detected during the subsequent follow-up period (duration: 71.0 mo).
Details of the cases involving post-EP recurrence
The clinical data of the cases involving recurrence after EP are shown in Table 4 . There were 4 cases of recurrence after EP. In 20 follow-up cases of resected margin positive or uncertain cases, local recurrence was detected in 3 cases. In 21 resected margin negative cases, local recurrence was detected in 1 case. There was no significant difference in the local recurrence between resected margin positive /uncertain and negative cases (P = 0.34, 2-sided Fisher's exact test). In the local recurrent cases, 3 of the primary lesions were diagnosed as adenomas after EP, and 1 was diagnosed as an adenocarcinoma. There was no significant difference in the local recurrence between adenomas and adenocarcinomas (P = 0.99, 2-sided Fisher's exact test). The primary tumors ranged in size from 17 mm to 25 mm. The HM were positive and the VM were uncertain in 2 cases, the HM were positive and the VM were negative in 1 case, and both margins were negative in 1 case. There is no difference in the post-EP recurrence between the positive or uncertain HM and positive or uncertain VM. The duration of the period from EP to recurrence ranged 
DISCUSSION
In this study, we investigated the clinical outcome of resected margin positive or uncertain cases after EP. EP for benign ampullary tumors is widely accepted as a lessinvasive alternative to surgery. However, the pathological evaluation of resected margins was often difficult in the present study because of the burning effect of EP. Moreover, in some cases carcinoma was identified during post-EP pathological evaluations. There is no consistent evidence about the management of ampullary tumors that display positive or uncertain margins after EP. The current study included 45 patients who underwent EP for ampullary tumors, and 24 (53.3%) of these cases exhibited positive or uncertain margins after EP. In previous studies, the frequency of incomplete EP-based resection varied from 10.6%-57.1% [1, 9, 10, 15, 17] . However, the definitions of incomplete resection differed among these studies. In our study, the frequency of a positive or uncertain margin among resected ampullary tumors was relatively high. This was probably due to equivocal findings caused by the burning effect of EP producing uncertain diagnoses because there is a tendency for the pathologists at our hospital to avoid underestimation.
The recurrence rate of ampullary tumors after EP was reported to range from 10%-33% in previous studies [18] [19] [20] [21] . In our study, additional PD was performed in 4 of the 24 cases in which positive or uncertain margins were detected after the resection procedure. Of these 4 cases, a residual tumor was only found in 1 case. In the remaining 20 cases, follow-up observation was selected, and local tumor recurrence occurred in 15% (3/20) of these cases. Our results are similar to those of previous studies, despite the fact that our study included cases that exhibited positive or uncertain margins after EP. Among the cases that exhibited negative margins after EP, local tumor recurrence was found in 1 of 21 cases. In the literature of Ridtitid et al [21] , among patients with ampullary adenoma who had complete resection (n = 107), 16 patients (15%) developed recurrence up to 65 mo after resection. These results suggest that evaluating the margins of resected ampullary tumors after EP is sometimes difficult. Therefore, careful follow-up examinations are recommended after EP in all cases of ampullary tumors. Established recommendation of follow-up protocol after EP has not been published. This point should be addressed in the future investigation.
APC is a type of non-contact thermal ablation in which a high-frequency current is applied to the target lesion, and it is widely used for the treatment of endoscopic hemostasis or additional treatment after endoscopic resection. APC has been reported to be useful for recurrent ampullary tumors that arise after EP [1, 9, 15, 17] . In our study, all of the recurrent tumors were successfully treated with APC, and there was no local or lymph node recurrence after APC (duration of the follow-up period: 56.6 mo to 133.4 mo). This indicates that APC is a reliable and feasible way of treating locally recurrent ampullary tumors that arise after EP. On the other hand, Nam et al [22] reported usefulness of APC subsequent to EP. In this literature, they concluded additional APC during EP might have a beneficial effect by decreasing bleeding rate without harmful effects but not have an effect of decreasing tumor recurrence.
Pancreatitis is the most common problematic complication of EP. Currently, several studies have shown that placement of a prophylactic pancreatic stent after EP reduces the risk of pancreatitis. A prospective, randomized, controlled trial showed that pancreatic duct stenting after EP significantly decreased the rate of post-EP pancreatitis [23] . However, whether or not post EP pancreatic stenting can alleviate the rate of pancreatitis is still controversial. Some studies have shown no statistically significant benefit by prophylactic placement of a pancreatic stent during EP. In this study, post-EP pancreatitis occurred in 13 patients (28.9%). Prophylactic pancreatic stent had been placed in all post-EP pancreatitis patients. Further prospective controlled studies are required to evaluate the efficacy of prophylactic pancreatic stenting after EP for prevention of post-EP pancreatitis.
The present study had some limitations. First, it was affected by selection bias due to its retrospective nature. However, before performing EP we intensively examined the patients for bile/pancreatic duct invasion using EUS or IDUS. This resulted in good clinical courses being achieved, even in cases that exhibited positive or uncertain margins after EP. Second, the sample size was too small to allow the results to be generalized. A further large-scale prospective study will be needed in future. There is no consistent evidence about the management of ampullary tumors that exhibit positive or uncertain margins after being resected via EP. Our results might help to determine appropriate indications for EP, including for cases of early stage ampullary carcinoma.
In conclusion, resected margin positive or uncertain cases after EP could be managed by endoscopic treatment including APC, even in cases of adenocarcinoma. EP could become an effective less-invasive first-line treatment for early stage ampullary tumors. 
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Research background
The clinical outcomes of resected margin positive or uncertain cases after endoscopic papillectomy (EP) remains unknown. 
Research motivation
The post-EP resection margins of ampullary tumors are often positive or uncertain because of the burning effect of EP. The clinical outcomes of resected margin positive or uncertain cases after EP remains unknown. Decisions regarding the treatment course in such cases might differ among institutions and/or depend on each patient's condition.
Research objectives
To investigate the clinical outcomes of resected margin positive or uncertain cases after EP.
Research methods
Forty-one patients with ampullary tumors who underwent EP at Kobe University Hospital between January 2007 and October 2018 were included in this study. The clinical outcomes of each EP cases were retrospectively investigated.
Research results
The resected margins were positive or uncertain in 24 patients (53.3%). Of these cases, 15 and 9 were diagnosed as adenoma and adenocarcinoma, respectively. Local tumor recurrence was detected in 3 cases. All of the recurrent tumors were successfully treated with argon plasma coagulation (APC). There was no local or lymph node recurrence after the APC. The post-APC follow-up periods lasted for 57.1 mo to 133.8 mo. No ampullary tumor-related deaths occurred in all patients.
Research conclusions
In conclusion, resected margin positive or uncertain cases after EP could be managed by endoscopic treatment including APC, even in cases of adenocarcinoma.
Research perspectives
Our results might help to determine appropriate indications for EP, including for cases of early stage ampullary carcinoma. A further large-scale prospective study will be needed in the future.
